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(57) ABSTRACT

A conversion unit converts output data detected by an input
device based on any one type of conversion table among a
plurality of types of conversion tables. An output unit
transmits the output data thus converted to a main processor
via an interface. A switching unit receives, from the main
processor via the interface, a mode switching signal for
switching detection sensitivity. The conversion unit switches
the conversion table for reference based on the mode switch-
ing signal. The conversion table is a bit conversion table for
reducing the number of bits of the output data.

6 Claims, 7 Drawing Sheets
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1
INPUT DEVICE CONTROL APPARATUS AND
INPUT DEVICE CONTROL METHOD

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an input device control
apparatus and an input device control method for converting
output data detected by an input device.

2. Description of the Related Art

Interface devices such as touchpanels and touch pads that
allow a person to enter input by touching a display screen
directly with his/her finger are widely used in personal
computers, various types of portable devices, mobile
phones, and the like. In recent years, devices have been
introduced that can acquire attribute information concerning
a touch point such as the strength (pressure) of a touch, the
direction of a finger, and the like in addition to the coordi-
nates of the touch point.

Patent document No. 1 discloses a portable image display
apparatus provided with display screens on both sides
thereof.

[Patent document No. 1] Japanese Patent Application
Publication No. 2010-26064

In the case of a touch input device such as a touchpanel,
a touch pad, a grip sensor, and the like that is touched by a
user using a hand or the like, it is necessary to transmit
sensing data of the entire contact surface from the touch
input device to a main processor. Therefore, a problem arises
where the amount of data that is transferred becomes large,
requiring a wide transmission bandwidth and increasing
power consumption. Requirements for detection sensitivity
of a touch input device sometimes vary depending on
applications. Thus, it is also necessary to change pressure
sensitivity based on the needs of applications.

SUMMARY OF THE INVENTION

In this background, a purpose of the present invention is
to provide a technology capable of converting output data of
a sensor so as to reduce the amount of data that is trans-
ferred. Another purpose is to provide a technology capable
of adjusting detection sensitivity of a sensor.

An input device control apparatus according to one
embodiment of the present invention includes: a conversion
unit configured to convert output data detected by an input
device based on any one type of conversion table among a
plurality of types of conversion tables; an output unit
configured to transmit the output data thus converted to a
main processor via an interface; and a switching unit con-
figured to receive, from the main processor via the interface,
a mode switching signal for switching detection sensitivity.
The conversion unit switches the conversion table for ref-
erence based on the mode switching signal.

Another embodiment of the present invention relates to an
input device control method. This methods includes: con-
verting output data detected by an input device based on any
one type of conversion table among a plurality of types of
conversion tables; transmitting the output data thus con-
verted to a main processor via an interface, thereby output-
ting the output data; and receiving, from the main processor
via the interface, a mode switching signal for switching
detection sensitivity. In the converting, the conversion table
for reference is switched based on the mode switching
signal.

Optional combinations of the aforementioned constituting
elements, and implementations of the invention in the form
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2

of methods, apparatuses, systems, computer programs, data
structures, and recording media may also be practiced as
additional modes of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments will now be described, by way of example
only, with reference to the accompanying drawings that are
meant to be exemplary, not limiting, and wherein like
elements are numbered alike in several figures, in which:

FIG. 1 is a diagram illustrating the configuration of a
touch input processing apparatus according to an embodi-
ment;

FIG. 2 is a diagram of the functional configuration of a
touch input device controller shown in FIG. 1;

FIG. 3 is a diagram explaining the internal structure of a
touch input device shown in FIG. 1;

FIG. 4 is a graph illustrating a relationship between
pressure applied to a pressure sensing resistor and a resis-
tance value of the pressure sensing resistor;

FIG. 5 is a flowchart explaining a sensing procedure of a
multi-touchpanel of resistive type;

FIGS. 6A through 6D are diagrams explaining a plurality
of types of conversion tables for correcting data on pressure
that is detected; and

FIG. 7 is a flowchart illustrating a procedure for convert-
ing sensor output data according to the present embodiment.

DETAILED DESCRIPTION OF THE
INVENTION

The invention will now be described by reference to the
preferred embodiments. This does not intend to limit the
scope of the present invention, but to exemplify the inven-
tion.

FIG. 1 is a diagram illustrating the configuration of a
touch input processing apparatus 100 according to an
embodiment. As an example, a part of or the entire func-
tional configuration of the touch input processing apparatus
100 shown in FIG. 1 can be implemented in a personal
computer, a game device, a portable device, a portable
terminal, or the like by hardware, software, or a combination
of both.

The touch input processing apparatus 100 includes a
touch input device unit 140, a main processor 150, and a
memory 160. The touch input device unit 140 includes a
touch input device 110 and a touch input device controller
130 connected to the touch input device 110 via a flexible
substrate 120.

The touch input device 110 is an input apparatus for
detecting, by various methods, a contact point (position) by
a finger or the like (hereinafter referred to as a “touch point
(position)”) and a detection quantity (hereinafter referred to
as a “touch state quantity”) of electrostatic capacitance,
electrical resistance, and the like that show the condition of
contact at the touch point (position).

An example of the touch input device 110 is a touchpanel.
A tough panel is a transparent panel device and is provided
on a display apparatus such as a liquid crystal display, an
organic EL (electroluminescence) display, etc. This allows
the user to enter, while viewing a screen of a display, an
operation into the screen by touching a touchpanel directly
with a finger. Another example of the touch input device 110
is a touch pad. A touch pad is an opaque touch input device
and is not provided with a display.

A method for detecting a touch point and a touch state
quantity in the touch input device 110 includes capacitive
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type and resistive type. In the case of the capacitive type, the
touch input device controller 130 measures an amount of
change in electrostatic capacitance at each point of the touch
input device 110 and detects the position of a touch point and
the value of electrostatic capacitance at the touch point. In
the case of the resistive type, the touch input device con-
troller 130 measures an amount of change in pressure at each
point of the touch input device 110 and detects the position
of a touch point and the value of pressure at the touch point.

An example of a resistive type touch pad includes a PET
film on which a special pressure-sensitive material is
printed. This allows for measurement of pressure in a wide
dynamic range including a touch with slight pressure, such
as a “light touch,” where contact is barely made as if touched
by a feather and a touch with a high pressing force where
contact is made while putting strength into the tip of a finger.

In the present embodiment, an explanation is given
regarding an exemplary embodiment designed for a touch
input device 110 of resistive type. A method for converting
output data of a sensor according to the present embodiment
can be applied to a touch input device 110 of any method
regardless of whether the device is of capacitive type or
resistive type. The method for converting output data of a
sensor according to the present embodiment can be applied
not only to a touchpanel and a touch pad but also to any
sensing device as long as the sensing device is a touch input
device, such as a grip sensor, to which a user enters some
sort of input by a touch of a hand or the like.

The main processor 150 acquires time-series data on the
position of a touch point and on a state quantity detected by
the touch input device controller 130 and reads and writes
the data from and to the memory 160.

FIG. 2 is a diagram of the functional configuration of the
touch input device controller 130. The touch input device
controller 130 includes a drive unit 10, a voltage detection
unit 20, an A/D conversion unit 30, a calculation and control
unit 40, a first data buffer 50, a conversion unit 60, a
conversion table 62, a switching unit 70, a second data buffer
80, and an output unit 90.

The drive unit 10 provides a drive voltage to a drive line
of the touch input device 110, and the voltage detection unit
20 detects an output voltage on a sensing line of the touch
input device 110. The A/D conversion unit 30 analog-to-
digital (A/D) converts the detected output voltage.

The calculation and control unit 40 obtains a resistance
value of a pressure sensing resistor provided at a part where
adrive line and a sensing line intersect with each other based
on the drive voltage and the output voltage, obtains a
pressure applied to the pressure sensing resistor based on the
property of the pressure sensing resistor, and stores the
resistance value and the pressure in the first data buffer 50.
The calculation and control unit 40 controls timing at which
the drive unit 10 drives the drive line and timing at which the
voltage detection unit 20 scans the sensing line.

The switching unit 70 receives a mode switching signal
from the main processor 150 and provides the mode switch-
ing signal to the conversion unit 60. A plurality of types of
conversion tables 62 that show correction curves having
different pressure sensitivity are stored in the memory in the
touch input device controller 130. According to the mode
switching signal, the conversion unit 60 switches a conver-
sion table 62 to be selected. The switching unit 70 may
receive data on a new conversion table 62 directly from the
main processor 150 and rewrite an old conversion table 62
that already exists.

The conversion unit 60 reads data on a pressure f from the
first data buffer 50, converts the data on the pressure f in
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accordance with a conversion table 62 specified by the
switching unit 70, and stores the data on the pressure f as
converted in the second data buffer 80. The output unit 90
reads, from the second data buffer 80, data on a pressure f
as converted at each intersection of a drive line and a sensing
line and transmits the data to the main processor 150.

FIG. 3 is a diagram explaining the internal structure of the
touch input device 110. As shown in the figure, in a
projection-type multi-touchpanel of resistive type, strip-
shaped conductor lines are arranged in the horizontal and
vertical directions, and pressure sensing resistors are applied
at respective intersections of conductor lines. The conductor
lines are formed of materials such as silver, copper, carbon,
and the like. The pressure sensing resistors are materials
whose resistance value changes considerably by a pressure
that is applied.

Represented as drive lines that apply voltage are m
conductor lines (horizontal lines) arranged in the horizontal
direction of the touch input device 110. Represented as
sensing lines that read voltage values are n conductor lines
(vertical lines) arranged in the vertical line.

The drive unit 10 applies a drive voltage Vcc to an i-th
drive line among the m drive lines, and the voltage detection
unit 20 detects an output voltage Vout on a j-th sensing line
among the n sensing lines. The A/D conversion unit 30
analog-to-digital converts the output voltage Vout that has
been detected. The calculation and control unit 40 obtains a
resistance value R of a pressure sensing resistor at an
intersection (i,j) of the i-th drive line and the j-th sensing line
based on the drive voltage Vce and the output voltage Vout.

The resistance value R of the pressure sensing resistor at
the intersection (i,j) desired to be sensed is a function of an
applied pressure f. Thus, when the resistance value is written
as R({), the output voltage Vout is expressed in the following
expression using the drive voltage Vec and the resistance
value R(f) of the pressure sensing resistor at the intersection.

Vout=VeexRp/(R(f)+Rp) (€8]

Rp represents a pull-down resistor Rp connected to each
sensing line. This achieves an effect of stabilizing the
voltage value of a sensing line, when the intersection is not
being touched, at zero volt. The value of the pull-down
resistor Rp is set in accordance with a variation range of the
resistance value of the pressure sensing resistor. The pull-
down resistor Rp is set to be larger than the maximum value
of R(f) desired to be detected. For example, it is a common
practice to set the pull-down resistor Rp to be from 1 k€2 to
100 kQ.

When the intersection is not being touched, R(f) tends to
infinity, and Vout thus tends to zero. When the intersection
is being strongly touched, R(f) tends to zero, and Vout thus
tends to Vcce.

The following expression (2) is obtained when the above
expression (1) is solved for R(f).

R(f)=Rpx(Vece-Vout)/Vout 2)

With this, the resistance value R(f) of the pressure sensing
resistor at the intersection can be obtained as long as the
output voltage Vout is detected under the drive voltage Vce.

By measuring the output voltage Vout while switching
drive lines and sensing lines sequentially, respective resis-
tance values R(f) of pressure sensing resistors at all inter-
sections can be obtained. If there are m drive lines and n
sensing lines, the detection of an output voltage and analog-
to-digital conversion are performed for (mxn) times.

FIG. 4 is a graph illustrating a relationship between a
pressure f applied to a pressure sensing resistor and a
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resistance value R of the pressure sensing resistor. The unit
of the pressure fis N/m?, and the unit of the resistance value
R is Q. Instead of pressure, force whose unit is N may be
used. An f-R curve is generally a monotonic decline curve
such as the one shown in the figure, and a resistance value
becomes smaller as pressure becomes larger. The degree and
shape of the curve vary depending on the material of the
pressure sensing resistor. A graph, which is arranged in a
table, that shows an f-R property of the pressure sensing
resistor is stored in the first data buffer 50.

The calculation and control unit 40 obtains a pressure f
that corresponds to the resistance value R of the pressure
sensing resistor based on the graph or the table that show the
f-R property of the pressure sensing resistor and stores, in
the first data buffer 50, the pressure f at the intersection that
has been sensed. If the pressure f is zero or is equal to or
higher than a predetermined threshold value, it can be
considered that the intersection is being touched.

FIG. 5 is a flowchart explaining a sensing procedure of a
multi-touchpanel of resistive type.

A variable i that specifies a drive line is reset to one (S10).
A variable j that specifies a sensing line is reset to one (S12).

The drive unit 10 provides a drive voltage Vcc to a drive
line i of the touch input device 110 (S14). The voltage
detection unit 20 detects the output voltage Vout of a sensing
line j of the touch input device 110, and the A/D conversion
unit 30 analog-to-digital converts the output voltage Vout
that has been detected (S16). Based on the above expression
(2), the calculation and control unit 40 calculates a resistance
value R of a pressure sensing resistor at the intersection (i,j)
from the drive voltage Vcc and the output voltage Vout
(S18). Based on the f-R curve, the calculation and control
unit 40 obtains the pressure f applied to the intersection (i,j)
from the resistance value R of the pressure sensing resistor
(S20).

The variable j that specifies a sensing line is incremented
by one (S22). If the variable j is n or below (N in S24), the
step goes back to Step S14 so as to repeat Step S14 through
step S22. If the variable j exceeds n (Y in S24), the variable
i that specifies a drive line is incremented by one (S26). If
the variable i is m or below (N in S28), the step goes back
to Step S12 so as to repeat Step S12 through step S26. If the
variable i1 exceeds m (Y in S28), the process is ended.

By such a sensing procedure, multi-touch input can be
detected. Given that the number of vertical elements and the
number of horizontal elements of the touch input device 110
are m and n, respectively, and that a bit resolution by the A/D
conversion unit 30 is P bits, the total amount of sensed
pressure data at each intersection is (mxnxP) bits per a
single sample before conversion by the conversion unit 60.

Conversion by the conversion unit 60 to a dynamic range
that is smaller than the resolution by the A/D conversion unit
30, for example, conversion to Q bits (Q<P), allows the
amount of data, which is transmitted to the main processor
150 by the output unit 90, to be reduced to (mxnxQ) bits. For
example, the amount of data will be changed to two thirds
if the pressure data f is converted using a conversion table
62 that is used for conversion to the number Q of output bits,
which is 8 bits, for the number P of input bits, which is 12
bits.

A transmission interface between the touch input device
controller 130 and the main processor 150 is a USB (Uni-
versal Serial Bus), an SPI (System Packet Interface), an 120
(Intelligent Input/Output), or the like. Particularly, a reduc-
tion in the amount of data that is transferred has a profound
effect on reducing power consumption in the case where a
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device in which the touch input processing apparatus 100 is
implemented is a portable terminal.

In addition to simple conversion of input bits to a reduced
number of output bits, sensitivity to pressure can also be
adjusted by making a correction at the time of the conver-
sion. Requirements for the sensitivity to pressure vary
depending on applications. More meticulous sensing is
possible by preparing, in advance, a plurality of types of
correction curves that show sensitivity to pressure, by stor-
ing, in advance in a memory, a plurality of types of con-
version tables 62 that show the plurality of types of correc-
tion curves in the form of tables, and by allowing the
plurality of types of conversion tables 62 to be switched
appropriately based on an application request. Also, by
switching the conversion tables 62 according to an applica-
tion, highly accurate pressure data appropriate for the appli-
cation can be transmitted even when the number of bits of
transfer data is reduced.

FIGS. 6A through 6D are diagrams explaining a plurality
of types of conversion tables 62 for correcting data on a
detected pressure f. A plurality of types of conversion tables
62 are provided depending on sensitivity to pressure and are
switched by the switching unit 70.

FIG. 6A shows a pressure correction curve that is highly
sensitive to low pressure. Since the building up of output
data in response to input data occurs quickly, the value of the
output data as converted becomes large even when the value
of the input data is a predetermined threshold value or
below. By converting pressure data according to a conver-
sion table 62 that is based on this correction curve, data is
output with high sensitivity even to slight pressure applied
by a touch, such as a light touch, that is barely made. For
example, in the case of selecting a button or the like on a
system menu for various settings, etc., or on a menu screen
shown after the start-up of a game, it is only necessary to
perform switching to a conversion table 62 that is based on
the pressure correction curve highly sensitive to low pres-
sure, which is shown in FIG. 6A.

FIG. 6B shows a pressure correction curve that is highly
sensitive to high pressure. Since the building up of output
data in response to input data occurs slowly, the value of
output data after the conversion becomes large only when
the value of input data becomes a predetermined threshold
value or more. For example, in the case of a hitting game
where a user enters an operation with force, it is desirable
that output be output only when a touch is made with high
pressure. In such a case, it is only necessary to perform
switching to a conversion table 62 that is based on the
pressure correction curve highly sensitive to high pressure,
which is shown in FIG. 6B.

FIG. 6C shows a pressure correction curve that is highly
sensitive to a specific pressure range. In this example, an
output value is close to zero until an input value exceeds a
given threshold value Ta, the output value increases rapidly
after the input value exceeds the threshold value Ta, and the
output value becomes close to the maximum value by the
time the input value becomes a threshold value Tb (Tb>Ta).
For example, when pressing on an accelerator of a car in a
game such as a car racing game, an “allowance” is necessary
where no response is given until the pressure exceeds the
threshold value Ta. In such a case, it is only necessary to
perform switching to a conversion table 62 that is based on
the pressure correction curve highly sensitive to a specific
pressure range, which is shown in FIG. 6C.

In a given exemplary embodiment, a plurality of conver-
sion tables 62 that are based on different types of pressure
correction curves are used properly in a single application.
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For example, in a menu screen shown after the start-up of a
game, a conversion table 62 is used that is based on the
pressure correction curve highly sensitive to low pressure,
shown in FIG. 6A. After the game is started, switching is
performed based on a scene of the game to use a conversion
table 62 that is based on the pressure correction curve highly
sensitive to high pressure, which is shown in FIG. 6B, or to
use a conversion table 62 that is based on the pressure
correction curve highly sensitive to a specific pressure range,
which is shown in FIG. 6C. By properly using a pressure
correction curve suitable for a scene in a specific application,
the user can have a game experience that is full of enhanced
immersion and presence.

FIG. 6D shows a pressure correction curve that is highly
sensitive to a multistage specific pressure range with two or
more specific pressure ranges sensitive to changes in an
input value. In this example, an output value changes
dramatically in response to an increase in an input value in
a first interval in which the input value is from zero to a first
threshold value Ta and in a second interval in which the
input value is from a second threshold value Tb (Tb>Ta) to
a third threshold value Tc (Tc>Tb). When the input value
falls in an interval from the first threshold value Ta to the
second threshold value Th, the output value changes very
little in response to an increase in the input value.

The use of a conversion table 62 that is based on the
pressure correction curve highly sensitive to a multistage
specific pressure range, which is shown in FIG. 6D, allows
for multistage inputting. For example, consideration is given
regarding an operation of selecting a button displayed on a
menu or the like (selection) and an operation of executing a
command associated with the selected button (decision).
When pressure that reaches the first threshold value Ta is
detected at a part of a touchpanel where a button is dis-
played, it is determined that the button is being touched and
focused, and a “selection” of the button is performed. The
button is displayed in an enhanced manner at that time so
that the user can tell that the button is being selected. When
pressure that exceeds the second threshold value Tb is
further detected at the same touch position at a later time, it
is determined that a “decision” is made to enter the selected
button, and a command associated with the button is per-
formed.

FIG. 7 is a flowchart illustrating a procedure for convert-
ing sensor output data according to the present embodiment.

The switching unit 70 receives a mode switching signal
from an application executed by the main processor 150
(S30). The conversion unit 60 switches a conversion table 62
to be selected based on the mode switching signal (S32). The
conversion unit 60 corrects pressure data based on the
conversion table 62 specified by the mode switching signal
(S34). The output unit 90 transmits to the main processor
150 pressure data as converted and provides the pressure
data to the application executed by the main processor 150
(S36).

Described above is an explanation of the present inven-
tion based on the embodiment. The embodiment is intended
to be illustrative only, and it will be obvious to those skilled
in the art that various modifications to constituting elements
and processes could be developed and that such modifica-
tions are also within the scope of the present invention.

In the above explanation, the number of bits of the
pressure data f'is converted. Alternatively, the number of bits
of'an output voltage Vout may be converted, and a resistance
value R of a pressure sensing resistor at an intersection may
then be obtained from the output voltage Vout as converted
s0 as to obtain, from the resistance value R of the pressure
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sensing resistor, a pressure f applied to the intersection based
on the f-R curve. For example, if the number of bits of the
output voltage Vout is reduced from 12 bits to 8 bits in
advance such that subsequent calculations are performed at
8 bits, pressure data f of 8 bits can be output.

In the above explanation, the embodiment is described
using, as an example, an input device such as a touchpanel
and a touch pad that requires specification of a touch point.
In a device for entering some sort of input by touching the
surface with a hand or the like as in the case of a grip sensor,
etc., a data conversion technique according to the present
embodiment can also be applied to a case where output data
for sensing on the surface of an input device is converted. In
the above explanation, an explanation is given of an example
where detected pressure data is converted using a pressure-
sensitive input device. The data conversion technique
according to the present embodiment can be applied not only
to an input device of a pressure-sensitive type but also to a
case where detected data of some sort of sensing device is
converted.

What is claimed is:

1. An input device control apparatus, comprising:

a conversion unit configured to convert output data
detected by an input device based on a conversion
curve selected from among a plurality of different
conversion curves, where the input device is a pressure-
sensitive input device configured to produce the output
data that varies as a function of pressures of touch
inputs, and each of the plurality of different conversion
curves has variable ordinate values as a function of
pressure;

an output unit configured to transmit the converted output
data to a main processor via an interface; and

a switching unit configured to receive, from the main
processor via the interface, a mode switching signal for
switching detection sensitivity,

wherein the conversion unit switches the selected con-
version curve for reference based on the mode switch-
ing signal, and

wherein the plurality of different conversion curves
include at least one pressure correction curve that is
highly sensitive to low pressure, at least one pressure
correction curve that is highly sensitive to high pres-
sure, and at least one pressure correction curve that is
highly sensitive to a specific pressure range.

2. The input device control apparatus according to claim
1, further comprising a bit conversion table for reducing a
number of bits of the output data.

3. The input device control apparatus according to claim
1, wherein the plurality of conversion curves have different
detection sensitivities.

4. The input device control apparatus according to claim
1, wherein the switching unit switches, according to the type
of'an application or a situation of use in a single application,
the pressure correction curve that is highly sensitive to low
pressure, the pressure correction curve that is highly sensi-
tive to high pressure, and the pressure correction curve that
is highly sensitive to a specific pressure range.

5. An input device control method comprising:

converting output data detected by an input device based
on a conversion curve selected from among a plurality
of different conversion curves, where the input device
is a pressure-sensitive input device configured to pro-
duce the output data that varies as a function of
pressures of touch inputs, and each of the plurality of
different conversion curves has variable ordinate values
as a function of pressure;
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transmitting the converted output data to a main processor

via an interface, thereby outputting the output data; and

receiving, from the main processor via the interface, a

mode switching signal for switching detection sensi-
tivity,

wherein the converting includes switching the selected

conversion curve for reference based on the mode
switching signal, and

wherein the plurality of different conversion curves

include at least one pressure correction curve that is
highly sensitive to low pressure, at least one pressure
correction curve that is highly sensitive to high pres-
sure, and at least one pressure correction curve that is
highly sensitive to a specific pressure range.

6. A non-transitory computer-readable recording medium
containing a computer program, which when executed by a
computer causes the computer to carry out actions, com-
prising:

converting output data detected by an input device based

on a conversion curve selected from among a plurality
of different conversion curves, where the input device

10
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is a pressure-sensitive input device configured to pro-
duce the output data that varies as a function of
pressures of touch inputs, and each of the plurality of
different conversion curves has variable ordinate values
as a function of pressure;

transmitting the converted output data to a main processor
via an interface, thereby outputting the output data; and

receiving, from the main processor via the interface, a
mode switching signal for switching detection sensi-
tivity,

wherein the converting includes switching the selected
conversion curve for reference based on the mode
switching signal, and

wherein the plurality of different conversion curves
include at least one pressure correction curve that is
highly sensitive to low pressure, at least one pressure
correction curve that is highly sensitive to high pres-
sure, and at least one pressure correction curve that is
highly sensitive to a specific pressure range.
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